We analyze the semileptonic rare decays of B meson to K1(1270) and K1(1400) axial vector mesons. The B → K1(1270, 1400)ℓ + ℓ − decays are significant flavor changing neutral current decays of the B meson. These decays are sensitive to the new physics beyond SM, since these processes are forbidden at tree level at SM. These decays occurring at the quark level via b → sℓ + ℓ − transition, also provide new opportunities for calculating the CKM matrix elements V bt and Vts. In this study, the transition form factors of the B → K1(1270, 1400)ℓ + ℓ − decays are calculated using three-point QCD sum rules approach. The resulting form factors are used to estimate the branching fractions of these decays.
I. INTRODUCTION
In standard model (SM), the flavor changing neutral current (FCNC) decays of B meson are forbidden at tree level and occur only at loop level. These decays are good candidates for searching new physics (NP) beyond SM or the modifications on the SM. Some of these rare FCNC decays of B meson; semileptonic and radiative decays into a vector or an axial vector meson, such as B → K * (892)γ [1] [2] [3] , B → K 1 (1270, 1400)γ [4] and B → K 0 * (892)e + e − (µ + µ − ) [5, 6] have been observed. For the channel B → K * (892)ℓ + ℓ − , the measurement of isospin and forward backward asymmetries at BaBar are also reported [7] [8] [9] . For the radiative decays of B meson into K 1 (1270, 1400) axial vector meson states, Belle reported the following branching fractions [10] :
B(B + → K 1 (1270) + γ) = (4.28 ± 0.94 ± 0.43) × 10 −5 , B(B + → K 1 (1400) + γ) < 1.44 × 10 −5 .
(
The semileptonic B → K 1 (1270, 1400)ℓ + ℓ − decays are significant FCNC decays of B meson, which occur via b → sℓ − ℓ + transitions at quark level. The semileptonic decay modes B → K 1 (1270, 1400)ℓ + ℓ − have not been observed yet, but are expected to be observed in forthcoming pp and e + e − accelerators, such as LHC [12] and SuperB [13] . In particular LHCb experiment at the LHC could be the first place to observe such decays [14] . Observation of these decays might also provide new opportunities for calculating V bt and V ts ; the elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Recently, some studies on B → K 1 (1270, 1400)ℓ + ℓ − decays have been made [15] [16] [17] [18] [19] [20] [21] [22] [23] . Theoretical studies of the decays into final states containing K 1 (1270, 1400) axial vector states is rendered more complicated due to the presence of K1 mixing. The properties of axial vector states are studied in [24] . In QCD, the real physical axial vector K 1 states, K 1 (1270) and K 1 (1400) are mixtures of ideal 1 3 P 1 (K 1A ) and 1 1 P 1 (K 1B ) orbital angular momentum states, and their mixing is given as
where
is the mixing matrix, and θ K1 is the mixing angle [25] . The magnitude of the mixing angle is estimated to be 34 • ≤ |θ K1 | ≤ 58 • [25, 27, 28] . More recently, the sign of θ K1 , and a new window for the value of θ K1 is estimated from the results of B → K 1 (1270)γ and τ → K 1 (1270)ν τ data as [16] θ K1 = −(34 ± 13) • .
In this study, the results of [16] is used. Recently, the proporties of low lying meson poles are analyzed in [26] , indicating that there might be two meson poles corresponding to pseudo scalar K 1 (1270) states. In this work we assume the quark model picture, where there is only one pole, and no space for a second pole.
In this work, we calculate the transition form factors of B → K 1 (1270, 1400)ℓ + ℓ − decays using three-point QCD sum rules approach. We also estimate the branching fractions for these decays, with the final leptons being e + e − , µ + µ − and τ + τ − , and compare our results with the ones in the literature. This paper is organized as follows. In section 2, the effective Hamiltonian for B → K 1 (1270, 1400)ℓ + ℓ − decays are defined. The sum rules for these decays are derived in section 3. The explicit expressions for the form factors are also presented in section 3. In section 4, the numerical analysis of the results, the estimated branching fractions, and also the final discussions and remarks on the results are given.
transition, due to penguin and box diagrams shown in Fig. 1 . The effective Hamiltonian for b → sℓ + ℓ − transition is written as [17] 
where C ef f 7 , C ef f 9 and C 10 are the Wilson coefficients, G F is the Fermi constant, α is the fine structure constant at the Z scale, V ij are the elements of the CKM matrix and q = p − p ′ is the momentum transferred to leptons. By sandwiching the effective Hamiltonian in Eq. 5 between initial and final meson states, the transition amplitude for
where p(p ′ ) is the momentum of the B(K 1 ) meson, and ǫ is the polarization vector of the axial vector K 1 meson. In order to calculate the amplitude, the matrix elements in Eq. 6 should be found. These matrix elements are parameterized in terms of the form factors as
where P = p + p ′ , M ≡ M B , the mass of the B meson and m ≡ m K1 is the mass of the K 1 meson. The Dirac identity
with the convention γ 5 = iγ 0 γ 1 γ 2 γ 3 and ε 0123 = −1 requires that T 1 (0) = T 2 (0). The relation of the chosen form factors with the ones in the literature [16, 17, 25] are presented in table I. 
In this work the branching fractions of B → K 1 (1270, 1400)ℓ + ℓ − transitions are also estimated. The partial decay width of the B meson is found by squaring the amplitude in Eq. 6, and by multiplying the phase space factors as
andr = m 2 /M 2 ,m l = m 2 l /M 2 and v = 1 − 4m l /q is the final lepton velocity. The following definitions are also used.
In this section the sum rules for the form factors of B → K 1 (1270, 1400)ℓ + ℓ − transitions are found. In QCD sum rules approach, to obtain the matrix elements in Eqs. 7 and 8, one can start from the three-point correlation functions
where J A ν =sγ ν γ 5 d and J T νρ =sσ νρ γ 5 d are axial vector and tensor interpolating currents creating K 1 states, J B =bγ 5 d is the interpolating current of B mesons, and J a µ = J V −A,T +P T µ are the vector and tensor parts of the transition currents with J V −A µ =bγ µ (1 − γ 5 )s and J T +P T =bσ µ̺ q ̺ (1 + γ 5 )s. The correlators are calculated in the following way. First, they are saturated with two complete sets of intermediate states with same quantum numbers of the initial and final state currents. These calculations in terms of the matrix elements of K 1 (1270) and K 1 (1400) states form the phenomenological part of the QCD sum rules. The phenomenological parts of the correlators (Eq. 13) can be written as
The matrix elements for the B meson is defined as
In QCD sum rules, each correlator function has its own continuum. Due to this fact, obtaining the matrix elements K 1 (1270)(p ′ , ǫ)|J a µ |B(p) and K 1 (1400)(p ′ , ǫ)|J a µ |B(p) from two correlator reduces the reliability of the sum rules. An alternative way to obtain the transition matrix elements is to express K 1 (1400) and K 1 (1400) states in terms of K 1A and K 1B which are G-parity eigenstates as defined in Eq. 2 [15, 16] .In this work, G-parity is used as a generalization of C parity defined formesons to′ multiplets as done in [15] .
The matrix elements K 1 (1270)|J µ |B and K 1 (1400)|J µ |B in Eq. 6 can be written in terms of matrix elements K 1A |J µ |B and K 1 (1400)|J µ |B states as [24] 
where J µ are any of the transition currents. Due to this relation, the form factors parameterizing K 1 (1270, 1400)|J µ |B matrix elements can be expressed in terms of the form factors parameterizing K 1(A,B) |J µ |B matrix elements as follows
The masses of K 1A and K 1B states are defined as [16] 
Inserting Eqs. 2 and 16 in Eq. 14, and applying double Borel transformations, the phenomenological parts of the correlators are found in terms of G-parity eigen states aŝ
where s ≡ sin θ K1 and c ≡ cos θ K1 . M 2 1 and M 2 2 appearing in Eq. 19 are Borel mass parameters andΠ denotes the Borel transformation of Π. The double Borel transformation with respect to the variables p 2 and p ′2 (
The matrix elements of K 1(A,B) states are defined in terms of both G parity conserving and violating decay constants discussed in [24] . The G parity conserving decay constants are given as
and the G parity violating decay constants are given as
where f K1A (≡ f A ) and f ⊥ K1B (≡ f B ) are the decay constants of K 1A and K 1B mesons, and a ⊥K1A 0 and a K1B 0 are the zeroth Gegenbauer moments. Since the Gegenbauer moments are zero in SU (3) limit [15] , the G parity violating matrix elements are expected to be small. In [24] , their values are predicted to be consistent with zero. In this work, they will be neglected. After defining the matrix elements K 1(A,B) |J µ |B and inserting in Eq. 19 the following assumptions are made. Using equations 15, 21 and 24 and summing over the polarizations of the K 1(A,B) mesons, the so called phenomenological parts of the correlation functions are found and expressed in terms of selected structures aŝ
In QCD sum rules, the correlation functions are also calculated theoretically using the operator product expansion (OPE) in the space-like region where p ′2 ≪ (m s + m d ) 2 and p 2 ≪ (m b + m d ) 2 in the so called deep Euclidean region. The contributions to the correlation functions in the QCD side of sum rules come from bare-loop (perturbative) diagrams and also quark condensates (nonperturbative). The correlators can be written aŝ
Each ofΠ f i(A,B) are expressed in terms of perturbative and nonperturbative contributions aŝ
The perturbative parts of the correlators are written in terms of double dispersion relation for the coefficients of the selected Lorentz structures, asΠ
where ρ fi (s, s ′ , q 2 ) are the spectral densities defined as
The spectral densities in Eq. 30 are calculated by using the usual Feynman integral for the loop diagrams, with the help of Cutkovsky rules, i.e., by inserting delta functions instead of the quark propagators ( 1 p 2 −m 2 → 2iπδ(p 2 − m 2 )), implying that all quarks are real. The physical region in s, s ′ plane is described by the following inequality
The calculations lead to the following results for the spectral densities. For the K 1A |J µ |B matrix elements, the spectral densities are calculated as
For the K 1B |J µ |B matrix elements, the spectral densities are calculated as
The nonperturbative contributions to the correlators are calculated by taking the operators with dimensions d = 3() and d = 5(m 2 0) into account. For the K 1A |J µ |B matrix elements nonperturbative parts of the correlators are calculated as
For the K 1B |J µ |B matrix elements the nonperturbative parts of the correlators are calculated as Π AB = 0, (62)
In the expressions of non-perturbative contributions to correlator (Eqs. 55 to 68), the first terms in brackets which are proportional toare d = 3 dimensional, and the second terms in brackets which are proportional to m 2 0are d = 5 dimensional contributions corresponding to operatorsand qσGq . The non-perturbative contributions coming from d = 4 dimensional operators which are proportional to m dand g 2 G 2 are neglected.
To obtain the final expression for the sum rules of the form factors, the quark hadron duality assumption, which states that the phenomenological and perturbative spectral densities give the same result when integrated over an appropriate interval, is used. The quark hadron duality is expressed as [ 
where s 0 and s ′ 0 are the continuum thresholds in s and s ′ channels, and ρ h (s, s ′ , q 2 ) is the spectral density of the continuum in the phenomenological part.
After calculating all spectral densities and nonperturbative contributions to correlators, by equating the coefficients of the selected structures from the phenomenological side (Eqs. 25 and 26) and the theoretical side (Eqs. 27 and 28), the QCD sum rules for the form factors parameterizing K 1(A,B) |J µ |B matrix elements are found as The continuum thresholds s 0 and s ′ 0 are determined by two-point QCD sum rules and related to the energy of the excited states. The form factors which are the physical quantities defining the transitions, should be stable with respect to the small variations of these parameters. In general, the continuum thresholds are taken to be around (m hadron + 0.5) 2 [32] [33] [34] . The dependence of form factors T 1A and T 1B on continuum thresholds at q 2 = 0 are plotted in figures 2(c) and 2(d). From the figures it is found that the results are stable for variations of s 0 and s ′ 0 . The sum rules expressions for the form factors are truncated at 7 GeV 2 . In order to extend our results to the whole physical region, i.e., 0 ≤ q 2 < (m B − m K1 ) 2 and for the reliability of the sum rules in the full physical region, a fit parametrization is applied such that in the region −10GeV 2 ≤ q 2 ≤ −2 GeV 2 , where the spectral integrals can be handled safely by applying Cutkovsky rules. This parametrization coincides with the sum rules predictions. To find the extrapolation of the form factors in the whole physical region, the fit function is chosen as
The values for a, b and f i (0) are given in Table IV and V for the form factors of K 1A |J µ |B and K 1B |J µ |B matrix elements respectively. The errors in the values of f i (0) in tables IV and V are due to uncertainties in sum rule calculations and also due to errors in input parameters.
The Finally, the branching fractions to leptonic final states e + e − , µ + µ − and τ + τ − for θ K1 = −34 • are also estimated by integrating the partial width in Eq. 10. The results are presented in table VI in comparison with the results found in [16] . The first errors in our results are due to uncertainties from sum rule calculations and input parameters, and the second errors are due to uncertainty in the mixing angle θ K1 . Our results are in good agreement with the results found in [16] . The experimental bounds on B → K 1 (1270, 1400)ℓ + ℓ − decays can be obtained from the inclusive B → X s ℓ + ℓ − decays. The current averages on inclusive decays are [35, 36] 
where the first averages are from PDG [35] , and the second values in square brackets are the recent HFAG averages [36] . The results found in this work (table VI) are consistent with these average values except B → K 1 (1270)µ + µ − . For b → sµ + µ − channel, when the measured branching fractions of exclusive decays B → Kµ + µ− and B → K * µ + µ − which amount (1.63 ± 0.21) × 10 −6 [35] are considered, the room left for other exclusive decays including B → K 1 (1270)µ + µ − is about (0.6 ∼ 2.6) × 10 −6 . However when the errors are considered, even this channel is still consistent with the data. And also when the dependence of branching ratios on θ K1 are considered( fig. 7) , it can be seen that the value of the branching ratio of the B → K 1 (1270)µ + µ − can be smaller depending on the mixing angle θ K1 .
In conclusion, we have calculated the form factors of B → K 1(A,B) ℓ + ℓ − transitions using three point QCD sum rules approach. We analyzed the q 2 behaviors of the form factors of B → K 1(A,B) ℓ + ℓ − transitions. Considering the axial vector mixing angle θ K1 , we estimated the form factors of B → K 1 (1270, 1400)ℓ + ℓ − transitions, i.e. transitions into physical states and analyzed their dependence on the mixing angle θ K1 at q 2 = 0. Using these results we estimated the branching fractions into final leptonic states. We conclude that the transitions B → K 1 (1270, 1400)ℓ + ℓ − can be observed at LHC and further B factories and measurements on the mixing angle θ K1 can be performed. 
